PCT 



WORLD INTELXJBCTUAL PROPERTY ORGANIZATION 
International Bureau 



mm 



(51) International Patent Classification 6 : 
HOLM 8/02, 8/24 


Al 


(11) International Publication Number: WO 95/16287 
(43) International Publication Dale: 15 June 1995 (15.06.95) 


(21) International Application Number: PCT/CA94/00673 

(22) International FU'mg Date: 9 December 1994 (09.12.94) 

(30) Priority Data: 

165,076 10 December 1993 (10.12.93) US 


(81) Designated States: AU, CA, JP, European patent (AT, BE 
CR DE, DK, ES, FR. GB, GR, EE, IT. LU, MC. NL, FT. 
SE). 

Published 

With international starch report 



(71) Applicant: BALLARD POWER SYSTEMS INC. [CA/CA]; 

Unit 107, 980 West 1st Street, North Vancouver, British 
Columbia V7P 3N4 (CA). 

(72) Inventors: WILKINSON, David, P.; 1391 Coleman Street, 

North Vancouver, British Columbia V7R 1W4 (CA). LA- 
MONT. Gordon, J.; 37 West 26th Avenue. Vancouver, 
British Columbia V5Y 2J5 (CA). VOSS, Henry. H.; 1 163 
Duchess Avenue, West Vancouver, British Colombia V7T 
1H1 (CA). SCHWAB, Clemens; Diamanstrasse 15. D- 
88048 Friedrichshafen (DE). 

(74) Agent: DE KOCIC Elbic. R.; Russell Reyneke, Suite 1 100. 938 
Howe Street, Vancouver, British Columbia V6Z 1N9 (CA). 



claims and to be republished in the even* of the receipt of 
amendments. 



(54) Title: EMBOSSED FLUID FLOW FIELD PLATE FOR ELECTROCHEMICAL FUEL CELLS 



(57) Abstract 

An embossed fluid flow field 
piate (100) for electrochemical cells 
comprises a compressible, electri- 
cally conductive sheet (101). The 
sheet has two oppositely facing ma- 
jor surfaces. At least one of the 
major surfaces (l02) has an era- 
bossed surface which has a fluid in- 
let (116) formed therein. The em- 
bossed surface has at least one open- 
faced channel embossed therein ex- 
tending from the fluid inlet for con- 
ducting pressurized fluid introduced 
at the fluid inlet The compressible, 
electrically conductive sheet prefer- 
ably comprises graphite foil. 
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EMBOSSED FLUID FLOW FIELD PLATE 
FOR ELECTROCHEMICAL FUEL CELLS 



Field Of Th e Invention 

The present invention relates to 
electrochemical cells. More particularly, the 
present invention relates to the embossing of 
compressible, electrically conductive sheets for 
use as fluid flow field or separator plates for 
electrochemical cells, as well as the method of 
fabricating such embossed fluid flow field or 
separator plates. in addition, the present 
invention relates to embossed coolant flow field 
plates for electrochemical cells. 

Backg round of The invention 

Electrochemical fuel cells convert fuel and 
oxidant to electricity and reaction product. in 
electrochemical fuel cells employing hydrogen as 
the fuel and oxygen as the oxidant, the reaction 
product is water. Such fuel cells generally employ 
a membrane electrode assembly ( "MEA") consisting of 
a solid polymer electrolyte or ion exchange 
membrane disposed between two electrodes formed of 
porous, electrically conductive sheet material, 
typically carbon fiber paper. The MEA contains a 
layer of catalyst, typically in the form of finely 
comminuted platinum, at each membrane/ electrode 
interface to induce the desired electrochemical 
reaction. The electrodes are electrically coupled 
to provide a path for conducting electrons between 
the electrodes through an external load. 
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At the anode, the fuel permeates the porous 
electrode material and reacts at the catalyst layer 
to form cations, which migrate through the membrane 
to the cathode. At the cathode, the oxygen- 
5 containing gas supply reacts at the catalyst layer 
to form anions. The anions formed at the cathode 
react with the cations to complete the 
electrochemical reaction and form a reaction 
product. 

10 in electrochemical fuel cells employing 

hydrogen as the fuel and oxygen-containing air (or 
substantially pure oxygen) as the oxidant, the 
catalyzed reaction at the anode produces hydrogen 
cations (protons) from the fuel supply. The ion 
15 exchange membrane facilitates the migration of 

hydrogen ions from the anode to the cathode. In 
addition to conducting hydrogen ions, the membrane 
isolates the hydrogen-containing fuel stream from 
the oxygen-containing oxidant stream. At the 
cathode, oxygen reacts at the catalyst layer to 
form anions. The anions formed at the cathode 
react with the hydrogen ions that have crossed the 
membrane to complete the electrochemical reaction 
and form liquid water as the reaction product. 
25 In conventional fuel cells, the MEA is 

interposed between two fluid-impermeable, 
electrically conductive plates, commonly referred 
to as the anode and the cathode plates, 
respectively. The plates serve as current 
collectors, provide structural support for the 
porous, electrically conductive electrodes, provide 
means for carrying the fuel and oxidant to the 
anode and cathode, respectively, and provide means 
for removing water formed during operation of the 
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fuel cell. When the channels are formed in the 
anode and cathode plates, the plates are normally 
referred to as fluid flow field plates. When the 
anode and cathode plates overlay channels formed in 
the anode and cathode porous material, the plates 
are normally referred to as separator plates. 

Reactant feed manifolds are generally formed 
in the anode and cathode plates, as well as in the 
MEA, to direct the fuel (typically substantially 
pure hydrogen or hydrogen-containing reformate from 
the conversion of hydrocarbons such as methanol or 
natural gas) to the anode and the oxidant 
(typically substantially pure oxygen or oxygen- 
containing gas) to the cathode via the channels 
formed in either the fluid flow field plates or the 
electrodes themselves- Exhaust manifolds are also 
generally formed in the anode and cathode plates, 
as well as the MEA, to direct unreacted fuel and 
oxidant, as well as water accumulated at the 
cathode, from the fuel cell. 

Multiple fuel cell assemblies comprising two 
or more anode plate/MEA/cathode plate combinations, 
referred to as a fuel cell stack, can be connected 
together in series (or in parallel) to increase the 
overall power output as required. in such stack 
arrangements, the cells are most often connected in 
series, wherein one side of a given fluid flow 
field or separator plate is the anode plate for one 
cell, the other side of the plate is the cathode 
plate for the adjacent cell, and so on. 

Perf luorosulf onic ion exchange membranes, such 
as those sold by DuPont under its Nafion trade 
designation, have been used effectively in 
electrochemical fuel cells. Fuel cells employing 
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Nafion-type cation exchange membranes require 



accumulated water to be removed from the cathode 
(oxidant) side, both as a result of the water 
transported across the membrane with cations and 



electrochemical reaction of hydrogen cations with 
oxygen. An experimental perf luorosulf onic ion 
exchange membrane, sold by Dow under the trade 
designation XUS 13 2 04.10, appears to have 
significantly less water transported with hydrogen 
cations across the membrane- Fuel cells employing 
the Dow experimental membrane thus tend to 
accumulate less water on the cathode (oxidant) 
side, as the accumulated water at the cathode is 
essentially limited to product water formed from 
the electrochemical reaction of hydrogen and 
oxygen. 

A typical prior art fluid flow field plate, 
exemplified by General Electric Company and 
Hamilton Standard in a 1984 report for the U.S. 
Department of Energy (LANL No. 9-X53-D6272-1) , 
included a plurality of parallel open-faced fluid 
flow channels formed in a major surface of a rigid, 
electrically conductive plate. The parallel 
channels extended between an inlet header and an 
outlet header formed in the plate. The parallel 
channels were typically rectangular in cross- 
section, and about 0.03 inches deep and about 0.03 
inches wide. The inlet header was connected to an 
opening in the plate through which a pressurized 
reactant (fuel or oxidant) stream is supplied. The 
outlet header was connected to an opening in the 
plate through which the exhaust stream is 
discharged from the cell. In operation, the 
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product water formed at the cathode from the 
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reactant stream ran from the inlet to the inlet 
header and then to the parallel channels from which 
reactant from the stream diffused through the 
porous electrode material to the 

electrocatalytically active region of the MEA. The 
stream then flowed to the outlet header and then to 
the outlet from which it was exhausted from the 
fuel cell. 

Watkins U.S. Patent Nos. 4,988,583 and 
5,108,849 issued January 29, 1991 and April 28, 
1992, respectively, describe fluid flow field 
plates which include a fluid supply opening and a 
fluid exhaust opening formed in the plate surface. 
Continuous open-faced fluid flow channels formed in 
the surface of the plate traverse the central area 
of the plate surface in a plurality of passes, that 
is, in a serpentine manner. Each channel has a 
fluid inlet at one end and a fluid outlet at the 
other end. The fluid inlet and outlet of each 
channel are directly connected to the fluid supply 
opening and fluid exhaust opening, respectively. 
The continuous channel design promotes the forced 
movement of water through each channel before the 
water can coalesce, thereby promoting uniform 
reactant flow across the surface of the cathode. 

U.S. patent application Serial No. 07/975,791 
filed November 13, 1992, incorporated by reference 
herein in its entirety, describes and claims a 
fluid flow field plate for electrochemical fuel 
cells in which the inlet and outlet flow channels 
are discontinuous. The employment of discontinuous 
flow channels, as described in U.S. patent 
application Serial No. 07/975,791, has several 
advantages : 
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1- Improved performance, particularly at 
higher reactant inlet pressures, 
resulting from (a) more effective water 
removal due to better access of the 
5 reactant stream to the . 

electrocatalytically active region at the 
membrane/electrode interface, (b) more 
uniform current density due to more even 
distribution of the reactant stream 

10 across the electrocatalytically active 

area of the fuel cell and the avoidance 
of water pooling in the flow channels, 
and (c) lower flow field plate/electrode 
contact resistance due to the use of a 

15 decreased amount of the flow field plate 

surface to accommodate the flow channels. 

2. Improved fuel cell lifetime resulting 
from (a) the ability to reduce the 
compressive load on the electrodes due to 

20 decreased contact resistance between the 

flow field plates and the electrodes, and 
(b) more uniform reactant gas relative 
humidity due to more even distribution of 
the reactant stream across the 

25 electrocatalytically active area of the 

fuel cell. 

3 . Reduced manufacturing costs resulting 
from (a) the ability to reduce the amount 
of graphite plate milling required for 

30 continuous channels and to relax the 

tolerances required for the channel 
dimensions, (b) a wider range of 
materials and fabrication techniques 
permitted with the discontinuous flow 
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channel design, such as stamping of flow 
field stencils, to be employed, 
particularly the use of thinner 
electrically conductive sheet materials, 
as the discontinuous channels do not 
require the thickness and rigidity of the 
electrically conductive plates in which 
continuous, serpentine flow channels are 
formed, and (c) the ability to employ a 
stenciled graphite foil laminate, thereby 
reducing the weight (and cost) associated 
with rigid graphite flow field plates. 
Conventional methods of fabricating fluid flow 
field plates require the engraving or milling of 
flow channels into the surface of the rigid, resin- 
impregnated graphite plates. These methods of 
fabrication place significant restrictions on the 
minimum achievable cell thickness due to the 
machining process, plate permeability, and required 
20 mechanical properties. For example, the minimum 
practical thickness for a double-sided flow field 
plate is approximately ,075 inches. 

The conventional resin-impregnated graphite 
plates are expensive, both in raw material costs 
25 and in machining costs. The machining of channels 
and the like into the graphite plate surfaces 
causes significant tool wear and requires 
significant processing times. 

As described and claimed in U.S. patent 
30 application Serial No. 08/024,660 (the "'660 

application"), incorporated herein in its entirety, 
fluid flow field plates may also be fabricated by a 
lamination process. Specifically, the '660 
application discloses and claims a laminated fluid 
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flow field assembly for an electrochemical fuel 
cell which comprises: 

a separator layer formed of electrically 
conductive, substantially fluid impermeable 
sheet material, the separator layer having two 
oppositely facing major surfaces; 

a stencil layer formed of electrically 
conductive sheet material, the stencil layer 
having two oppositely facing major surfaces, 
the stencil layer having a fluid inlet formed 
therein and at least one opening formed 
therein extending between the major surfaces 
thereof, the at least one opening in fluid 
communication with the fluid inlet; and 

means for consolidating the separator 
layer and the stencil layer along one of their 
respective major surfaces. 

In operation, the separator layer and the 
stencil layer cooperate to form at least one open- 
faced channel for conducting pressurized fluid 
introduced at the fluid inlet. The separator layer 
and the stencil layer are consolidated by 
compression, preferably in combination with an 
electrically conductive adhesive. The laminated 
fluid flow field assembly thus comprises two layers 
which must be properly positioned and aligned prior 
to consolidation. 

It is often difficult and time consuming to 
properly position and align the separator and 
stencil layers of a laminated fluid flow field 
assembly. The two-layer laminated fluid flow field 
assembly also adds both volume and weight to the 
fuel cell, as compared, for example, to a one-layer 
fluid flow field assembly. Thus, as with 
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conventionally fabricated fluid flow field plates, 
laminated fluid flow field assemblies restrict the 
extent to which cell thickness can be reduced 
because of the minimum thickness each plate or 
5 layer must possess to permit milling or engraving 

(in the case of graphite plates) or die-cutting (in 
the case of stencil layers or laminated 
assemblies) . 

Accordingly, it is an object of the present 
10 invention to provide an improved fluid flow field 
plate for use in electrochemical cells that is 
reduced in weight and volume, and that is simpler 
and less expensive to manufacture than conventional 
fluid flow field plates and laminated fluid flow 
15 field assemblies. 

Another object of the present invention is to 
provide an improved fluid flow field plate for use 
in electrochemical cells that achieves a higher 
power density at a lower cost than conventional } 
20 fluid flow field plates and laminated fluid flow 
field assemblies. 

Still another object of the invention is to 
provide fluid flow field plates having improved 
sealing capabilities because of the presence of 
25 sealant grooves embossed in the surface of the 
plate. 

A further object of the present invention is 
to provide improved coolant flow field plates for 
use in electrochemical cells. 
30 A still further object of the invention is to 

provide an improved method of fabricating an 
embossed fluid flow field plate for use in 
electrochemical cells . 
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Summary Of The Invention 

The above and other objects are achieved by an 
embossed fluid flow field plate for use in 
conjunction with an electrochemical cell. The 
5 plate comprises a sheet of compressible, 

electrically conductive material. The sheet has 
two oppositely facing major surfaces, at least one 
of the major surfaces comprising an embossed 
surface. The embossed surface has a fluid inlet 
10 formed therein and further has at least one open- 
faced inlet channel embossed therein. The at least 
one embossed inlet channel extends from the fluid 
inlet. In operation, the at least one embossed 
inlet channel conducts pressurized fluid introduced 
15 at the fluid inlet. 

In the preferred embossed fluid flow field 
plate, the embossed surface has an inlet opening 
formed therein. The inlet opening extends between 
the major surfaces of the sheet and is in fluid 
2 0 communication with the fluid inlet. The embossed 
surface preferably has a fluid outlet formed 
therein, the embossed surface further having at 
least one open-faced outlet channel embossed 
therein, the at least one embossed outlet channel 
25 extending from the fluid outlet, whereby the at 
least one embossed outlet channel conducts 
pressurized fluid to the fluid outlet. 

In one preferred embodiment, the at least 
embossed inlet channel extends into the at least 
one embossed outlet channel to form at least one 
embossed continuous channel, whereby pressurized 
fluid introduced at the fluid inlet is conducted to 
the. fluid outlet along the at least one inlet 
channel and the at least one outlet channel. in 
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this embodiment, the at least one embossed 
continuous channel forms a serpentine pattern on 
the embossed surface. 

In another preferred embodiment, the at least 
one embossed inlet channel is discontinuous with 
respect to the at least one embossed outlet 
channel. In this embodiment, the at least one 
embossed outlet channel preferably comprises at 
least two embossed outlet channels, and the at 
least one embossed inlet channel and the at least 
two embossed outlet channels are preferably 
interdigitated, whereby each adjacent pair of 
embossed outlet channels has an embossed inlet 
channel disposed therebetween along a substantial 
portion thereof. 

In the preferred embossed fluid flow field 
plate, the compressible, electrically conductive 
sheet preferably comprises graphite foil. in 
another preferred embodiment, the compressible, 
electrically conductive sheet is a laminated 
assembly comprising at least two layers of graphite 
foil and a metal foil layer interposed between each 
adjacent pair of graphite foil layers. 

In still another preferred embodiment, the 
embossed surface further has at least one open- 
faced sealant channel embossed therein. The at 
least one embossed sealant channel circumscribes 
the central portion of the embossed surface and 
accommodates a substantially fluid impermeable 
sealant material therein, whereby the sealant 
material fluidly isolates the central portion from 
the atmosphere surrounding the plate. 

The above and other objects are also achieved 
by an electrochemical fuel cell for converting a 
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fluid fuel stream and a fluid oxidant stream to a 
reaction product stream and electrical energy. The 
fuel cell comprises: 

first and second embossed fluid flow 
5 field plates, each of the plates comprising: 

a separator sheet formed of 
compressible, electrically conductive 
material, the separator sheet having two 
oppositely facing major surfaces, at 
10 least one of the major surfaces 

comprising an embossed surface, the 
embossed surface having a fluid inlet 
formed therein and further having at 
. least one open-faced inlet channel 
15 embossed therein, the at least one 

embossed inlet channel expending from the 
fluid inlet, whereby the at least one 
embossed inlet channel conducts 
pressurized fluid introduced at the fluid 
20 inlet; 

a membrane electrode assembly interposed 
between the first and second embossed fluid flow 
field plates, the membrane electrode assembly 
comprising: 

25 an anode having a catalyst 

associated therewith to render a region 
of the anode electrocatalytically active 
wherein cations are produced from the 
fluid fuel stream; 

a cathode having a catalyst 
associated therewith to render a region 
of the cathode electrocatalytically 
active wherein an electrochemical 
reaction between the cations and the 
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fluid oxidant stream is promoted; 

a solid polymer ion exchange 
membrane disposed between the anode 
assembly and the cathode assembly, the 
membrane facilitating the migration of 
cations from the anode assembly to the 
cathode assembly and isolating the fluid 
fuel stream from the fluid oxidant 
stream; 

an electrical path for conducting 
electrons formed at the anode assembly to 
the cathode assembly . 
The preferred fuel cell further comprises a 
coolant flow field plate adjacent one of the 
15 separator sheets on the side facing away from the 
membrane. The coolant flow field plate comprises: 
a sheet of compressible, electrically 
conductive, substantially fluid impermeable 
material, the sheet having two oppositely 
facing major surfaces, at least one of the 
major surfaces comprising an embossed surface, 
the embossed surface having at least one open- 
faced sealant channel embossed therein, the at 
least one embossed sealant channel 
circumscribing the central portion of the 
embossed surface and accommodating a 
substantially fluid impermeable sealant 
material therein, whereby the sealant material 
fluidly isolates the central portion from the 
atmosphere surrounding the plate, the embossed 
surface further having a coolant inlet, a 
coolant outlet, and at least one open-faced 
coolant channel formed therein, whereby the at 
least one coolant channel conducts pressurized 
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fluid introduced at the coolant inlet toward 
the coolant outlet. 

In the preferred fuel cell, the major surface 
of the coolant flow field plate facing away from 
the membrane forms a cooling fluid flow field plate 
of an adjacent fuel cell. In the preferred fuel 
cell, the compressible, electrically conductive 
sheet comprises graphite foil. 

The above and other objects are further 
achieved by an embossed coolant flow field plate 
for use in conjunction with an electrochemical 
cell. The plate comprises: 

a sheet of compressible, electrically 
conductive, substantially fluid impermeable 
material, the sheet having two oppositely 
facing major surfaces, at least one of the 
major surfaces comprising an embossed surface, 
the embossed surface having at least one open- 
faced sealant channel embossed therein, the at 
least one embossed sealant channel 
circumscribing the central portion of the 
embossed surface and accommodating a 
substantially fluid impermeable sealant 
material therein, whereby the sealant material 
fluidly isolates the central portion from the 
atmosphere surrounding the plate, the embossed 
surface further having a coolant inlet, a 
coolant outlet, and at least one open-faced 
coolant channel formed therein, whereby the at 
least one coolant channel conducts pressurized 
fluid introduced at the coolant inlet toward 
the coolant outlet. 

In the preferred embossed coolant flow field 
plate, the at least one coolant channel is embossed 
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in the embossed surface. The at least one coolant 
channel can also be milled or die-cut in the 
embossed surface. in the preferred embossed 
coolant flow field plate, the compressible, 
5 electrically conductive sheet comprises graphite 
foil. 

The above and other objects are still further 
achieved by an embossed separator plate for use in 
conjunction with an electrochemical cell. The 
10 plate comprises: 

a sheet of compressible, electrically 
conductive material, the sheet having two 
oppositely facing major surfaces, at least one 
of the major surfaces comprising an embossed 
surface, the embossed surface having at least 
one open-faced sealant channel embossed 
therein, the at least one embossed sealant 
channel circumscribing the central portion of 
the embossed surface and accommodating a 
substantially fluid impermeable sealant 
material therein, whereby the sealant material 
fluidly isolates the central portion from the 
atmosphere surrounding the plate. 
In the preferred separator plate, the embossed 
25 surface has a fluid inlet formed therein and at 

least one open-faced inlet channel formed therein. 
The at least one inlet channel extends from the 
fluid inlet, whereby the at least one inlet channel 
conducts pressurized fluid introduced at the fluid 
30 inlet. The embossed surface preferably has a fluid 
outlet formed therein, and further has at least one 
open-faced outlet channel formed therein. The at 
least one outlet channel extends from the fluid 
outlet, whereby the at least one outlet channel 
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conducts pressurized fluid to the fluid outlet. 
The inlet channel and the outlet channel are most 
preferably embossed in the embossed surface. The 
inlet channel and the outlet channel can also be 
5 milled or die-cut in the embossed surface. 

As in the preferred embossed fluid flow field 
plate, the inlet and outlet channels can be 
continuous, preferably arranged in a serpentine 
pattern on the embossed surface, or discontinuous, 
10 preferably arranged in an interdigitated pattern on 
the embossed surface. 

In the preferred separator plate, the 
compressible, electrically conductive sheet 
comprises graphite foil. In another preferred 
15 embodiment, the compressible, electrically 

conductive sheet is a laminated assembly comprising 
at least two layers of graphite foil and a metal 
foil layer interposed between each adjacent pair of 
graphite foil layers. 
20 The above and other objects are yet further 

achieved by an embossed separator plate for use in 
conjunction with an electrochemical cell. The 
plate comprises: 

a sheet of compressible , electrical ly 
25 conductive material, the sheet having two 

oppositely facing, major surfaces and at least 
one manifold opening formed therein between 
the major surfaces, at least one of the major 
surfaces comprising an embossed surface, the 
30 embossed surface having at least one open- 

faced sealant channel embossed therein, the at 
least one embossed sealant channel 
circumscribing the at least one manifold 
opening and accommodating a substantially 
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fluid impermeable sealant material therein, 
whereby the sealant material fluid ly isolates 
the at least one manifold opening from the 
atmosphere surrounding the plate. 
The above and other objects are also achieved 
by a method of fabricating an embossed separator 
plate for use in conjunction with an 
electrochemical cell. The method comprises: 
providing a sheet of compressible, 
electrically conductive sheet material, the 
sheet having two oppositely facing major 
surfaces; 

embossing at least one open-faced channel 
in at least one of the major surfaces. 
The preferred method further comprises: 

forming a fluid inlet on at least one of 
the major surfaces such that the at least one 
channel extends from the fluid inlet, 
whereby the at least one channel 
conducts pressurized fluid introduced at 
the fluid inlet. 

In the preferred method, the at least one 
embossed channel circumscribes the central portion 
of the at least one major surface and accommodates 
a substantially fluid impermeable sealant material 
in the at least one embossed channel, whereby the 
sealant material fluidly isolates the central 
portion from the atmosphere surrounding the plate. 
The most preferred method further comprises : 

forming a fluid inlet on at least one of 
the major surfaces; 

forming at least one open-faced channel 
in the at least one of the major surfaces, the 
at least one channel extending from the fluid 
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inlet, whereby the at least one channel 
conducts pressurized fluid introduced at the 
fluid inlet. 

The at least one channel is preferably 
embossed in the at least one major surface. The at 
least one channel can also be milled or die-cut in 
the at least one major surface. In the preferred 
method, the compressible, electrically conductive 
sheet comprises graphite foil. 

Brief Description Of The Drawings 

FIG. 1 is a side elevation view of a fuel cell 
stack showing the electrochemical ly active and 
humid if i cat ion sections . 

FIG. 2 is an exploded side view of a fuel cell 
including a membrane electrode assembly interposed 
between two conventional fluid flow field plates 
having reactant flow channels formed in the major 
surfaces facing the electrodes. 

FIG. 3 is an exploded side sectional view of a 
fuel cell including a membrane electrode assembly 
interposed between two laminated fluid flow field 
assemblies, one layer of which is a stencil layer 
having openings formed therein and the other layer 
of which is a separator layer. 

FIG. 4a is a top plan view of one major 
surface of an embossed fluid flow field plate in 
accordance with the present invention. 

FIG. 4b is a top plan view of the other major 
surface of the embossed fluid flow field plate 
illustrated in FIG. 4a, 

FIG. 5a is a top plan view of one major 
surface of an embossed separator plate in 
accordance with the present invention. 
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FIG. 5b is a top plan view of the other major 
surface of the embossed separator plate illustrated 
in FIG- 5a. 

FIG. 6 is a side view of a fuel cell 
5 incorporating an embossed fluid flow field plate in 
accordance with the present invention. 

FIG. 7a is a top plan view of one major 
surface of a coolant flow field plate in accordance 
with the present invention. 
10 FIG. 7b is a top plan view of the other major 

surface of the coolant flow field plate illustrated 
in FIG. 7a. 

FIG. 8 is a plot of cell voltage as a function 
of current density for two fuel cells (designated 
15 "A" and "B") . Plot A shows the performance of a 
fuel cell employing conventional fluid flow field 
plates formed of solid graphite, such as that 
illustrated in FIG. 2. Plot B shows the 
performance of a fuel cell employing embossed fluid 
20 flow field plates, such as those illustrated in 
FIGS. 4a and 4b. 

FIG. 9 is a plot of cell voltage as a function 
of current density for two fuel cells (designated 
and "D") at 30/30 psig (air/H 2 ). Plot C shows 
25 the performance of a fuel cell employing an 

embossed coolant flow field plate. Plot D shows 
the performance of a fuel cell employing a 
conventional coolant flow field plate formed of 
solid graphite. 
30 FIG. 10 is a plot of cell voltage as a 

function of current density for a fuel cell 
(designated "E") at 30/30 psig (air/H 2 ) . The plot 
of FIG . 10 shows the performance of a fuel cell 
employing both embossed fluid flow field plates and 
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Detailed Description Of The Preferred EsLbod iments 

Turning first to FIG. l, a fuel cell stack 
assembly 10 includes an electrochemical ly active 
section 26 and optionally includes a humidif icat ion 
section 28. Stack assembly 10 is a modular plate 
and frame design , and includes a compression end 
plate 16 and a fluid end plate 18. An optional 
pneumatic piston 17 , positioned within compression 
end plate 16, applies uniform pressure to the 
assembly to promote sealing. Bus plates 22 and 24 
located on opposite ends of active section 26 
provide the negative and positive contacts, 
respectively, for the electrical path conducting 
15 current generated by the assembly to an external 
electrical load (not shown). Tie rods 2 0 extend 
between end plates 16 and 18 to retain and secure 
stack assembly 10 in its assembled and consolidated 
state with fastening nuts 21. 
20 Active section 26 includes, in addition to bus 

plates 22 and 24, a plurality of fuel cell 
repeating units 12. Each repeating unit 12 
consists of a membrane electrode assembly, an anode 
fluici flow field plate, a cathode fluid flow field 
plate (or alternatively anode and cathode separator 
layers if the anode and cathode reactant flow 
channels are formed in the surfaces of the 
electrode material) and optionally a coolant 
jacket, as described in more detail below. in the 
assembly illustrated in FIG. 1, the repeating units 
12 are electrically coupled in series by virtue of 
the contact between the electrically conductive 
layers which form the flow field plates (or the 



25 



30 



10 



V> O 95/1 6287 PCT/CA94/00673 

- 21 - 

separator layers) and the coolant jackets. 

Optional humidif ication section 28 includes a 
plurality of humidif ication assemblies 14, each 
assembly 14 consisting of fuel or oxidant reactant 
flow field plate, a water flow field plate, and a 
water transport membrane interposed between the 
reactant flow field plate and the water flow field 
plate. When present, humidif ication section 28 
imparts water to the fuel and oxidant streams fed 
to active section 26, thereby preventing the 
membranes within the active section from drying 
out. 

FIG. 2 illustrates a conventional fuel cell 
30, which includes a membrane electrode assembly 32 
15 interposed between rigid flow field plates 34 and 
36. Membrane electrode assembly 32 consists of an 
ion exchange membrane 4 2 interposed between two 
electrodes, namely, anode 44 and cathode 46. Anode 
44 and cathode 46 are typically formed of porous 
20 electrically conductive sheet material, preferably 
carbon fiber paper, and have planar major surfaces 
44a and 46a, respectively. Electrodes 44 and 46 
have a thin layer of catalyst material disposed on 
their major surfaces 44a and 46a, respectively, at 
25 the interface with membrane 42 to render them 
electrochemically active. 

As shown in FIG. 2, anode flow field plate 34 
has at least one open faced channel 34a engraved, 
milled or molded in its surface facing membrane 42. 
30 Similarly, cathode flow field plate 36 has at least 
one open faced channel 36a engraved, milled or 
molded in its major surface facing membrane 42. 
When assembled against the cooperating major 
surfaces of electrodes 44 and 46, channels 34a and 
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36a form the reactant flow field passages for the 
fuel and oxidant, respectively. 

FIG. 3 illustrates a fuel cell 50 including a 
membrane electrode assembly 52 interposed between 
two laminated fluid flow field assemblies 54 and 
56. As in the membrane electrode assembly 32 of 
FIG. 2, membrane electrode assembly 52 consists of 
an ion exchange membrane 62 interposed between two 
electrodes, namely, anode 64 and cathode 66. Anode 
64 and cathode 6 6 are also typically formed of 
porous electrically conductive sheet material, 
preferably carbon fiber paper, and have planar 
major surfaces 64a and 66a, respectively. 
Electrodes 64 and 66 have a thin layer of catalyst 
material disposed on their major surfaces 64a and 
66a, respectively, at the interface with membrane 
62 to render them electrochemically active. 

As shown in FIG. 3, anode fluid flow field 
plate 54 is a laminated assembly of stencil layer 
74 and separator layer 76. Similarly, cathode 
fluid flow field plate 56 is a laminated assembly 
of stencil layer 84 and separator layer 86. 

FIG. 4a shows one major surface of an embossed 
reactant fluid flow field plate 100 in accordance 
25 with the present invention. Plate 100 is 

preferably formed from compressible, electrically 
conductive graphite foil sheet material 
commercially available under the trade designation 
"GRAFOIL" from UCAR Carbon Company, Inc. of 
30 Cleveland, Ohio. GRAFOIL sheets are available in 
standard thicknesses (1/32 inch, 1/16 inch and 1/8 
inch, for example), but other thicknesses of 
graphite foil sheets can be employed as well. The 
most preferred form of GRAFOIL for use in 
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fabricating the embossed fluid flow field plates of 
the present invention is UCAR's grade "GH-A" gasket 
laminate, and the most preferred thickness is 
approximately .064 inches. 

Other suitable electrically conductive 
materials, sufficiently soft so as to permit 
embossing, could be used to fabricate the embossed 
fluid flow field plates described and claimed 
herein. Such other materials include porous, 
electrically conductive sheet materials ,. such as 
carbon fiber paper, as well as corrosion resistant 
metals such as niobium, somewhat corrosive 
resistant materials such as magnesium or copper, 
particularly when plated with noble metals such as 
gold or platinum to render them unreactive, and 
composite materials composed of a corrosive 
resistant metal powder, a base metal powder plated 
with the corrosive resistant metal, and/or other 
chemically inert electrically conductive powders, 
such as graphite and boron carbide, bonded together 
with a suitable binder to produce a compressible, 
electrically conductive sheet material. 

As shown in FIG. 4a, a sheet 101, formed of 
compressible, electrically conductive material, 
preferably graphite foil, has a major surface 102. 
Fluid inlet opening 104 and fluid outlet opening 
106 are die-cut and extend between the major 
surface 102 and its oppositely facing major surface 
103 shown in FIG. 4b. Other manifold openings 103 
are also die-cut and extend between the oppositely 
facing major surfaces of sheet 101. 

Major surface 102 of plate 100 has embossed 
therein a reactant fluid flow field 110 comprising 
a pair of continuous fluid flow field channels 114, 
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as well as a sealant channel 112* Each flow field 
channel 114 has a fluid inlet 116 at one end and a 
fluid outlet 118 at the other end. Fluid inlet. 116 
is directly connected to fluid inlet opening 104. 
5 Similarly, fluid outlet 118 is directly connected 

to a fluid outlet opening 106. Fluid inlet opening 
104 is connected to a source of fuel (not shown) in 
the case of the anode flow field plate or a source 
of oxidant (not shown) in the case of the cathode 
10 flow field plate. Channel 114 traverses the major 
central area of major surface 102, in a plurality 
of passes (two passes in the embodiment illustrated 
in FIG. 4a) ,' which in turn generally corresponds to 
the electrocatalytically active region of the anode 
15 or cathode, which is adjacent when the cell is 

assembled. Openings 108 serve as manifolds for the 
various fluid reactant and coolant streams within 
the cell. 

Fluid flow field channels 114 are preferably 
20 embossed in sheet 101 using a die, such as a 

graphite plate, which has the reverse image of the 
desired flow field and sealing groove. Channels 
114 are generally U-shaped or V-shaped in cross- 
section, the V-shaped channels facilitating die 
25 release in certain embossing applications. The 
graphite foil sheet is embossed at an embossing 
pressure sufficient to impart, into the 
compressible sheet material, smooth-surfaced 
channels, of substantially uniform deprh, and 
30 having a clean, reverse image of the embossing die. 
Different flow field patterns and plate sizes will 
require different embossing pressures. The bulk of 
the sheet material (that is, the portions of the 
sheet material located apart from the channels) can 
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also be compressed during the embossing operation. 
In this regard, the embossing pressure can be 
selected to provide the appropriate channel depth 
and cross-sectional profile, and also to impart the 
appropriate electrical conductivity and porosity to 
the bulk material. 

FIG, 5a shows one major surface of an embossed 
separator plate 120 in accordance with the present 
invention. Plate 120 is preferably comprises 
compressible, electrically conductive sheet 
material, preferably graphite foil. Sheet 121 has 
a major surface 122. Fluid inlet opening 124 and 
fluid outlet opening 126 are die-cut and extend 
between the major surface 122 and its oppositely 
facing major surface 123 shown in FIG. 5b. Other 
manifold openings 128 are also die-cut and extend 
between the oppositely facing major surfaces of 
plate 121. 

Major surface 122 of sheet 121 has embossed 
therein an open-faced sealant channel 125. Fluid 
inlet opening 124 is connected to a source of fuel 
(not shown) in the case of the anode flow field 
plate or a source of oxidant (not shown) in the 
case of the cathode flow field plate. Pressurized 
reactant fluid introduced at the inlet opening 124 
is directed to the central electrocataly t ically 
active region of the anode or cathode, which is 
adjacent when the cell is assembled, via channels 
formed in the adjacent anode or cathode or via the 
interstitial spaces within the porous sheet 
material from which the adjacent anode or cathode 
is preferably formed. Openings 128 serve as 
manifolds for the various fluid reactant and 
coolant streams within the cell. 
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Sealant channel 125 is preferably embossed in 
sheet 121 using a die, in a manner similar to which 
the sealant channel 112 and the reactant fluid flow 
field channel 114 are embossed in sheet 101 
5 illustrated in FIG, 4a. As shown in FIG. 5a, 
sealant channel 125 circumscribes the central 
portion of surface 122, as well as openings 128. 
Sealant channel 125 accommodates a substantially 
fluid impermeable sealant material (not shown) 

0 disposed in channel 125. In operation, the sealant 
material fluidly isolates the central portion of 
surface 122 from the atmosphere surrounding plate 
120. As shown in FIG. 5b, sealant channel 127 in 
surface 123 is structurally and functionally 

5 identical to channel 125 in surface 122. 

The separator plate 120 illustrated in FIGS. 
5a and 5b has no reactant fluid flow field channels 
embossed, milled, die-cut or otherwise formed 
therein. It will be understood, however, that such 

1 channels could be formed in either or both of the 
major surfaces 122, 123 of sheet 121 to provide a 
fluid flow field plate similar to that illustrated 
in FIGS. 4a and 4b. 

FIG. 6 shows an exploded side view of a fuel 
cell repeating unit, such as repeating unit 12 in 
FIG. 1, employing embossed reactant and coolant 
flow field plates. As shown in FIG. 6, a unit cell 
repeating unit 130 is made up of an embossed 
cathode (oxidant) fluid flow field or separator 
plate 132, a membrane electrode assembly (MEA) 134, 
an anode (fuel) fluid flow field or separator plate 
136, and a coolant flow field plate or water jacket 
138 . 

The embossed reactant (fuel and oxidant) and 
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coolant flow field plates 132, 136, 138 of the fuel 
cell repeating unit 130 of FIG. 6 are preferably 
formed from graphite foil sheets. The unit cell 
has a thickness of approximately 0.200 inches and a 



unit cell weight of approximately 218 grams. 
Reduced cell weight and volume are achieved with 
these graphite foil sheets, which are considerably 
thinner and lighter than conventional milled 
graphite fluid flow field plates. The embossed 
fluid flow field plates thus drastically reduce the 
weight and volume of. the fuel cell stack. 

Although embossed coolant flow field plates 
may be employed as described above, die-cut coolant 
flow channels and embossed sealant channels can 
also be formed in the coolant flow field plates. 
FIGS. 7a and 7b are views, respectively, of a 
double-sided coolant flow field plate 150 having 
die-cut coolant flow channels 157, 167 and embossed 
sealant channels 159, 169 formed therein. Die-cut 
coolant flow channels 157, 167 extend between the 
major surfaces of plate 150. Plate 150 preferably 
comprises compressible, electrically conductive 
sheet material, most preferably graphite foil. 
Channel 157 has associated therewith a coolant 
inlet 152 and a coolant outlet 154. A coolant 
inlet 152 is in fluid communication with, the 
coolant inlet manifold opening 156. The coolant 
outlet 154 is in fluid communication with the 
coolant outlet manifold opening 157. In operation, 
the coolant flow field plate is assembled and 
sealed against a fluid flow field plate or 
separator plate of the adjacent MEAs . Each 
adjacent fluid flow field plate or separator plate 
cooperates with channels 157, 167 to form a four- 



\ 



WO 95/16287 



PCT/CA94/00673 



- 23 - 



10 



30 



sided passage for containing and directing coolant 
fluid within channels 157, 167. Using the double- 
sided design, a single coolant flow field plate can 
conduct coolant fluid on each of its major 
surfaces, and simultaneously cool the anode and 
cathode of neighboring MEAs . 

The fluid flow field in the embossed plates 
described herein may comprise a single or a 
plurality of continuous or discontinuous reactant 
flow channels die-cut or embossed therein. 
Conventional fluid flow field plates having 
continuous, serpentine channels are described and 
illustrated in Watkins U.S. Patent Nos. 4,988,583 
and 5,108,849. Fluid flow field plates having 
15 discontinuous, interdigitated channels are 
described and illustrated in U.S. Patent 
Application Serial No. 07/975,791. While the 
present embossed fluid flow field plates are 
particularly suited to the discontinuous, 
interdigitated flow channels described in U.S. 
Patent Application Serial No. 07/975,791, the 
embossed configuration can also be employed in 
conjunction with continuous, serpentine flow 
channel configurations, such as those described in 
Watkins U.S. Patent Nos. 4,988,583 and 5,108,849. 

The embossed fluid flow field plates described 
and illustrated herein contain fluid manifolds. it 
will be understood, however, that other means for 
introducing fluids to and discharging fluids from 
the surface of the assemblies are possible. For 
example, external manifolds may be preferred in 
some instances to introduce fluids through an inlet 
(or inlets) located along an edge (or edges) of the 
embossed fluid flow field plates and to discharge 
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fluids from the surface of the plates through an 
outlet (or outlets) located along another edge (or 
edges) of the plates. The embossed fluid flow 
field described and claimed herein extend to fuel 
cells employing such other external manifold 
designs . 

The performance of electrochemical fuel cells 
incorporating embossed fluid flow field compares 
favorably to the performance of conventional fuel 
cells employing milled graphite fluid flow field 
plates. FIG. 8 is a plot of cell voltage as a 
function of current density for two fuel cells 
(designated "A" and "B") at 30/30 psig (air/H 2 ) . 
In each of plots A and B, a milled graphite anode 
flow field plate was employed, along with the 
following operating conditions: 2.0/1.5 air/H 2 
stoichiometry, temperature - 75°C, DuPont Nafion 
117 cation exchange membrane. in Plot A, a lO- 
pass, conventional milled graphite cathode flow 
field plate was employed, such as that illustrated 
in FIG. 2. in Plot B, a 7-pass, embossed graphite 
foil cathode flow field plate was employed, such as 
that illustrated in FIG. 4. FIG. 8 shows that the 
performance of a fuel cell employing an embossed 
reactant fluid flow field plate compares favorably, 
and was superior at high current density, to the 
performance of a fuel cell employing conventional, 
milled graphite fluid flow field plates. 

Similarly, the performance of a fuel cell 
employing embossed coolant flow field plates 
compares favorably to the performance of a 
conventional fuel cell employing milled graphite 
coolant flow field plates. FIG . 9 is a plot of 
cell voltage as a function of current density for 
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two fuel cells (designated M C" and "D") at: 30/30 
psig (air/H 2 ) . In each of plots C and D, a milled 
graphite anode flow field plate and a milled 
graphite cathode flow field plate were employed, 
5 along with the following operating conditions: 

2.0/1.5 air/H 2 stoichiometry , temperature = 75°C / 
DuPont Nafion 117 cation exchange membrane. Plot C 
shows the performance of a fuel cell employing 
embossed coolant flow field plates. Plot D shows 
10 the performance of a fuel cell employing 

conventional, milled graphite coolant flow field 
plates. 

In order to minimize cell weight and volume, 
the electrochemical fuel cell of the present 
15 invention preferably employs both embossed reactant 
fluid flow field plates and embossed coolant flow 
field plates. FIG. 10 is a plot of cell voltage as 
a function of current density for a fuel cell 
(designated M E") at 30/30 psig (air/H 2 ) . A 2-pass 
20 anode flow field plate was employed, along with the 
following operating conditions: 2.0/1.5 air/H 2 
stoichiometry, temperature = 75°C, Dow experimental 
cation exchange membrane. FIG. 10 shows the 
favorable performance achieved by a fuel cell 
25 employing both embossed reactant fluid flow field 
plates and embossed coolant flow field plates, as 
well as the operability of the embossed reactant 
and coolant flow field plates in conjunction with 
the Dow experimental cation exchange membrane. 
30 While particular elements, embodiments, and 

applications of the present invention have been 
shown and described, it will be understood, of 
course, that the invention is not limited thereto 
since modifications may be made by those skilled in 
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the art, particularly in light of the foregoing 
teachings. it is therefore contemplated by the 
appended claims to cover such modifications as 
incorporate those features which come within the 
spirit and scope of the invention. 
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What is claimed is: 

1. An embossed fluid flow field plate for 
use in conjunction with an electrochemical cell, 
said plate comprising: 

a sheet of compressible, electrically 
5 conductive material, said sheet having two 

oppositely facing major surfaces, at least one 
of said major surfaces comprising an embossed 
surface, said embossed surface having a fluid 
inlet formed therein and further having at 
10 least one open-faced inlet channel embossed 

therein, said at least one embossed inlet 
channel extending from said fluid inlet, 
whereby said at least one embossed inlet 
channel conducts pressurized fluid introduced 
15 at said fluid inlet. 

2. The embossed fluid flow field plate of 
claim 1 wherein said embossed surface has an inlet 
opening formed therein, said inlet opening 
extending between the major surfaces of said sheet, 

5 said inlet opening in fluid communication with said 
fluid inlet. 

3. The embossed fluid flow field plate of 
claim 1 wherein said embossed surface has a fluid 
outlet formed therein, said embossed surf ace 
further having at least one open-faced outlet 

5 channel embossed therein, said at least one 

embossed outlet channel extending from said fluid 
outlet, whereby said at least one embossed outlet 
channel conducts pressurized fluid to said fluid 
outlet. 
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4- The embossed fluid flow field plate of 
claim 3 wherein said embossed surface has an outlet 
opening formed therein, said outlet opening 
extending between the major surfaces of said sheet, 
said outlet opening in fluid communication with 
said fluid outlet. 

5. The embossed fluid flow field plate of 
claim 3 wherein said at least one embossed inlet 
channel extends into said at least one embossed 
outlet channel to form at least one embossed 
continuous channel, whereby pressurized fluid 
introduced at said fluid inlet is conducted to said 
fluid outlet along said at least one inlet channel 
and said at least one outlet channel. 

6- The embossed fluid flow filed plate of 
claim 5 wherein said at least one embossed 
continuous channel forms a serpentine pattern on 
said embossed surface. 

7. The embossed fluid flow field plate of 
claim 3 wherein said at least one embossed inlet 
channel is discontinuous with respect to said at 
least one embossed outlet channel. 

8. The embossed fluid flow field plate of claim 7 
wherein said at least one embossed outlet channel 
comprises at least two embossed outlet channels, 
and wherein said at least one embossed inlet 
channel and said at least two embossed outlet 
channels are interdigi tated, whereby each adjacent 
pair of embossed outlet channels has an embossed 
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inlet channel disposed therebetween along a 
substantial portion thereof. 

9. The embossed fluid flow field plate of 
claim 1 wherein said sheet comprises graphite foil. 

10. The embossed fluid flow field plate of 
claim 1 wherein said embossed surface further has 
at least one open-faced sealant channel embossed 
therein, said at least one embossed sealant channel 
circumscribing the central portion of said embossed 
surface and accommodating a substantially fluid 
impermeable sealant material therein, whereby said 
sealant material fluidly isolates said central 
portion from the atmosphere surrounding said plate. 

11. The embossed fluid flow field plate of 
claim 4 wherein said embossed surface has an inlet 
opening formed therein, said inlet opening 
extending between the major surfaces of said sheet, 
said inlet opening in fluid communication with said 
fluid inlet, and wherein said embossed surface 
further has at least one open-faced sealant channel 
embossed therein, said at least one embossed 
sealant channel circumscribing the central portion 
of said embossed surface and further circumscribing 
said inlet opening and said outlet opening, said at 
least one embossed sealant channel accommodating a 
substantially fluid impermeable sealant material 
therein, whereby said sealant material fluidly 
isolates said central portion, said inlet opening 
and said outlet opening from the atmosnhere 
surrounding said plate . 

12. An electrochemical fuel cell for 
converting a fluid fuel stream and a fluid oxidant 
stream to a reaction product stream and electrical 
energy, said fuel cell comprising; 
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5 first and second embossed fluid flow 

field plates, each of said plates comprising: 
a separator sheet formed of 
compressible , electrica lly conduct ive 
material, said separator sheet having two 
10 oppositely facing major surfaces, at 

least one of said major surfaces 
comprising an embossed surface, said 
embossed surface having a fluid inlet 
formed therein and further having at 
15 least one open-faced inlet channel 

embossed therein, said at least one 
embossed inlet channel extending from 
said fluid inlet, whereby said at least 
one embossed inlet channel conducts 
20 pressurized fluid introduced at: said 

fluid inlet; 
a membrane electrode assembly interposed 
between said first and second embossed fluid flow 
field plates, said membrane electrode assembly 
25 comprising: 

an anode having a catalyst 
associated therewith to render a region 
of said anode electrocata ly t ica 1 ly active 
wherein cations are produced from said 

30 fluid fuel stream; 

a cathode having a catalyst 
associated therewith to render a region 
of said cathode electroca taly t ical ly 
active wherein an electrochemical 

35 reaction between said cations and said 

fluid oxidant stream is promoted; 
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a solid polyr.er ion exchange 
. membrane disposed between said anode 
assembly and said cathode assembly, said 
membrane facilitating the migration of 
cations from said anode assembly to said 
cathode assembly and isolating said fluid 
fuel stream from said fluid oxidant 
stream; 

an electrical path for conducting 
electrons formed at said anode assembly 
to said cathode assembly. 

13. The electrochemical fuel cell of claim 
12 , further comprising a coolant flow field plate 
adjacent one of said separator sheets on the side 
facing away from said membrane, said coolant flow 
field plate comprising: 

a sheet of compressible, electrically 
conductive, substantially fluid impermeable 
material, said sheet having two oppositely 
facing major surfaces, at least one of said 
major surfaces comprising an embossed surface, 
said embossed surface having at least one 
open-faced sealant channel embossed therein, 
said at least one embossed sealant channel 
circumscribing the central portion of said 
15 embossed surface and accommodating a 

substantially fluid impermeable sealant 
material therein, whereby said sealant 
material fluidly isolates said central portion 
from the atmosphere surrounding said plate, 
said embossed surface further having a coolant 
inlet, a coolant outlet, and at least one 
open-faced coolant channel formed therein, 
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whereby said at least one coolant channel 
conducts pressurized fluid introduced at said 
- 5 coolant inlet toward said coolant outlet, 

14. The electrochemical fuel cell of claim 13 
wherein the major surface of said coolant flow 
field plate facing away from said membrane forms a 
cooling fluid flow field plate of an adjacent fuel 

5 cell, 

15. The electrochemical fuel cell of claim 12 
wherein said sheet comprises graphite foil. 

16. An embossed coolant flow field plate for 
use in conjunction with an electrochemical cell, 
said plate comprising: 

a sheet of compressible, electrically 
> conductive, substantially fluid impermeable 

material, said sheet having two oppositely 
facing major surfaces, at least one of said 
major surfaces comprising an embossed surface, 
said embossed surface having at least one 
open-faced sealant channel embossed therein, 
said at least one embossed sealant channel 
circumscribing the central portion of said 
embossed surface and accommodating a 
substantially fluid impermeable sealant 
material therein, whereby said sealant 
material fluidly isolates said central portion 
from the atmosphere surrounding said plate, 
said embossed surface further having a coolant 
inlet, a coolant outlet, and at least one 
open-faced coolant channel formed therein, 
whereby said at least one coolant channel 
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conducts pressurized fluid introduced at said 
coolant inlet toward said coolant outlet, 

17. The embossed coolant flow field plate of 
claim 16 wherein said at least one coolant channel 
is embossed in said embossed surface. 

18. The embossed coolant flow field plate of 
claim 16 wherein said at least one coolant channel 
is milled in said embossed surface. 

19. The embossed coolant flow field plate of 
claim 18 wherein said at least one coolant channel 
is die-cut in said embossed surface. 

20. The embossed coolant flow field plate of 
claim 16 wherein said sheet comprises graphite 
foil. 

21. An embossed separator plate for use in 
conjunction with an electrochemical cell, said 
plate comprising: 

a sheet of compressible , electrically 
5 conductive material, said sheet having two 



15 



10 



oppositely facing major surfaces, at least one 
of said major surfaces comprising an embossed 
surface, said embossed surface having at least 
one open-faced sealant channel embossed 
therein, said at least one embossed sealant 
channel circumscribing the central portion of 
said embossed surface and accommodating a 
substantially fluid impermeable sealant 
material therein, whereby said sealant 
material fluidly isolates said central portion 
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from the atmosphere surrounding said plate. 

22. The separator plate of claim 21 wherein 
said central portion of said embossed surface has a 
fluid inlet formed therein and at least- one open- 
faced inlet channel formed therein, said at least 

5 one inlet channel extending from said fluid inlet, 
whereby said at least one inlet channel conducts 
pressurized fluid introduced at said fluid inlet. 

23. The separator plate of claim 21 wherein 
said central portion of said embossed surface has a 
fluid outlet formed therein, said embossed surface 
further having at least one open-faced outlet 

5 channel formed therein, said at least one outlet 
channel extending from said fluid outlet, whereby 
said at least one outlet channel conducts 
pressurized fluid to said fluid outlet. 

24. The separator plate of claim 2 3 wherein 
said inlet channel and said outlet channel are 
embossed in said central portion of said embossed 
surface. 

25. The separator plate of claim 23 wherein 
said inlet channel and said outlet channel are 
milled in said central portion of said embossed 
surface . 

26. The separator plate of claim 25 wherein 
said inlet channel and said outlet channel are die- 
cut in said central portion of said embossed 
surface . 
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27. The separator plate of claim 23 wherein 
said central portion of said embossed surface has 
an inlet opening formed therein, said inlet opening 
extending between the major surfaces of said sheet, 
5 said inlet opening in fluid communication with said 
fluid inlet. 

28. The separator plate of claim 27 wherein 
said central portion of said embossed surface has 
an outlet opening formed therein, said outlet 
opening extending between the major surfaces of 

5 said sheet, said outlet opening in fluid 
communication with said fluid outlet. 

29. The separator plate of claim 23 wherein 
said at least inlet channel extends into said at 
least one outlet channel to form at least one 
continuous channel, whereby pressurized fluid 

5 introduced at said fluid inlet is conducted to said 
fluid outlet along said at least one inlet channel 
and said at least one outlet channel. 

30. The separator plate of claim .29 wherein 
said at least one continuous channel forms a 
serpentine pattern on said central portion of said 
embossed surface. 



31. The separator plate of claim 29 wherein 
said at least one inlet channel is discontinuous 
with respect to said at least one outlet channel. 
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32. The separator plate of claim 31 wherein 
said at least one outlet channel comprises at least 
two outlet channels, and wherein said at least one 
inlet channel and said at least two outlet channels 

5 are interdigi tated , whereby each adjacent pair of 
outlet channels has an inlet channel disposed 
therebetween along a substantial portion thereof. 

33. The separator plate of claim 31 wherein 
said sheet comprises graphite foil. 

34. An embossed separator plate for use in 
conjunction with an electrochemical cell, said 
plate comprising: 

a sheet of compressible , electrically 
5 conductive material , said sheet having two 

oppositely facing major surfaces and at least 
one manifold opening formed therein between 
said major surfaces, at least one of said 
major surfaces comprising an embossed surface, 

10 said embossed surface having at least one 

open-faced sealant channel embossed therein, 
said at least one embossed sealant channel 
circumscribing said at least one manifold 
opening and accommodating a substantially 

15 fluid impermeable sealant material therein, 

whereby said sealant material fluidly isolates 
said at least one manifold opening from the 
atmosphere surrounding said plate . 
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35- A method of fabricating an enbossed 
separator plate for use in conjunction with an 
electrochemical cell, said method comprising: 
providing a sheet of compressible, 
5 electrically conductive sheet material, said 

sheet having two oppositely facing major 
surfaces; 

embossing at least one open-faced channel 
in at least one of said major surfaces. 

36. The method of claim 35 further 
comprising: 

forming a fluid inlet on at least one of 
said major surfaces such that said at least 
5 one channel extends from said fluid inlet, 

whereby said at least one channel 
conducts pressurized fluid introduced at 
said fluid inlet. 

37. The method of claim 35 wherein said at 
least one embossed channel circumscribes the 
central portion of said at least one major surface 
and accommodates a substantially fluid impermeable 
5 sealant material in said at least one embossed 
channel, whereby said sealant material fluidly 
isolates said central portion from the atmosphere 
surrounding said plate. 
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38. The method of claim 3 7 further comprising; 
forming a fluid inlet on at least one of 

said major surfaces; 

forming at least one open-faced channel in 
5 said at least one of said major surfaces, said 

at least one channel extending from said fluid 
inlet, whereby said at least one channel 
conducts pressurized fluid introduced at said 
fluid inlet . 

39. The method of claim 3 8 wherein said at 
least one open-faced channel is embossed in said at 
least one major surface. 

40. The method of claim 3 8 wherein said at 
least one open-faced channel is milled in said at 
least one major surface. 

41. The method of claim 40 wherein said at 
least one open-faced channel is die-cut in said at 
least one major surface. 

42. The method of claim 35 wherein said sheet 
comprises graphite foil. 

43. A fluid flow field plate for use in 
conjunction with an electrochemical cell, said 
plate comprising: 

a sheet of compressible, electrically 
5 conductive material, said sheet having two 

oppositely facing major surfaces, at least one 
of said major surfaces comprising a die-pressed 
surface, said die-pressed surface having a 
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fluid inlet formed therein and further having 
at least one open-faced inlet channel die- 
pressed therein, said at least one die-pressed 
inlet channel extending from said fluid inlet, 
whereby said at least one die-pressed inlet 
channel conducts pressurized fluid introduced 
at said fluid inlet. 

44. The fluid flow field plate of claim 43 
wherein said die-pressed surface has an inlet 
opening formed therein, said inlet opening 
extending between the major surfaces of said sheet, 
said inlet opening in fluid communication with said 
fluid inlet. 

45. The fluid flow field plate of claim 43 
wherein said die-pressed surface has a fluid outlet 
formed therein, said die-pressed surface further 
having at least one open-faced outlet channel die- 
pressed therein, said at least one die-pressed 
outlet channel extending from said fluid outlet, 
whereby said at least one die-pressed outlet 
channel conducts pressurized fluid to said fluid 
outlet. 

46. The fluid flow field plate of claim 45 
wherein said die-pressed surface has an outlet 
opening formed therein, said outlet opening 
extending between the major surfaces of said sheet, 
said outlet opening in fluid communication with 
said fluid outlet. 

47. The fluid flow field plate of claim 45 
wherein said at least one die-pressed inlet channel 
extends into said at least one die-pressed outlet 
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channel to form at least one die-pressed continuous 
channel, whereby pressurized fluid introduced at 
said fluid inlet is conducted to said fluid outlet 
along said at least one inlet channel and said at 
least one outlet channel. 

48. The fluid flow field plate of claim 47 
wherein said at least one die-pressed continuous 
channel forms a serpentine pattern on said die- 
pressed surface. 

49. The fluid flow field plate of claim 45 
wherein said at least one die-pressed inlet channel 
is discontinuous with respect to said at least one 
die-pressed outlet channel. 

50. The fluid flow field plate of claim 49 
wherein said at least one die-pressed outlet 
channel comprises at least two die-pressed outlet 
channels, and wherein said at least one die-pressed 
inlet channel and said at least two die-pressed 
outlet channels are interdigi tated, whereby each 
adjacent pair of die-pressed outlet channels has a 
die-pressed inlet channel disposed therebetween 
along a substantial portion thereof. 

51. The fluid flow field plate of claim 43 
wherein said sheet comprises graohite.' 

52. The fluid flow field plate of claim 43 
wherein said die-pressed surface further has at 
least one open-faced sealant channel die-pressed 
therein, said at least one die-pressed sealant 
channel circumscribing the central portion of said 
die-pressed surface and accommodating a 
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substantially fluid impermeable sealant material 
therein, whereby said sealant material fluidly 
isolates said central portion from the atmosphere 
surrounding said plate. 

53. The fluid flow field plate of claim 46 
wherein said die-pressed surface has an inlet 
opening formed therein, said inlet opening 
extending between the major surfaces of said sheet, 
said inlet opening in fluid communication with said 
fluid inlet, and wherein said die-pressed surface 
further has at least one open-faced sealant channel 
die-pressed therein, said at least one die-pressed 
sealant channel circumscribing the central portion 
of said die-pressed surface and further 
circumscribing said inlet opening and said outlet 
opening, said at least one die-pressed sealant 
channel accommodating a substantially fluid 
impermeable sealant material therein, whereby said 
sealant material fluidly isolates said central 
portion, said inlet opening and said outlet opening 
from the atmosphere surrounding said plate. 

54. An electrochemical fuel cell for 
converting a fluid fuel stream and a fluid oxidant 
stream to a reaction product stream and electrical 
energy, said fuel cell comprising: 

first and second fluid flow field plates, 
each of said plates comprising: 

a separator sheet formed of 
compressible , electrically conductive 
material, said separator sheet having two 
oppositely facing major surfaces, at^ least 
one of said major surfaces comprising a 
die-pressed surface, said die-pressed 
surface having a fluid inlet formed 
therein and further having at least one 
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open-faced inlet channel die-pressed 
therein, said a least one die-pressed 
inlet channel extending from said fluid 
inlet, whereby said at least one die- 
pressed inlet channel conducts pressurized 
fluid introduced at said fluid inlet; 
a membrane electrode assembly interposed 
between said first and second fluid flow field 
plates, said membrane electrode assembly 
comprising: 

an anode having a catalyst associated 
therewith to render a region of said anode 
electrocatalytically active wherein 
cations are produced from said fluid fuel 
stream; 

a cathode having a catalyst 
associated therewith to render a region of 
said cathode electrocatalytically active 
wherein an electrochemical reaction 
between said cations and said fluid 
oxidant stream is promoted; 

a solid polymer ion exchange membrane 
disposed between said anode assembly and 
said cathode assembly, said membrane 
facilitating the migration of cations from 
said anode assembly to said cathode 
assembly and isolating said fluid fuel 
stream from said fluid oxidant stream; 

an electrical path for conducting 
electrons formed at said anode assembly to 
said cathode assembly. 
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55. The electrochemical fuel cell of claim 54, 



adjacent one of said separator sheets on the side 
facing away from said membrane, said coolant flow 
field plate comprising: 

a sheet of compressible, electrically 
conductive, subs tantially , fluid impermeable 
material, said sheet having two oppositely 
facing major surfaces, at least one of said 
major surfaces comprising a die-pressed 
surface, said die-pressed surface having at 
least one open-faced sealant channel die- 
pressed therein, said at least one die-pressed 
sealant channel circumscribing the central 
portion of said die-pressed surface and 
accommodating a substantially fluid impermeable 
sealant material therein, whereby said sealant 
material fluidly isolates said central portion 
from the atmosphere surrounding said plate, 
said die-pressed surface further having a 
coolant inlet, a coolant outlet, and at least 
one open-faced coolant channel formed therein, 
whereby said at least one coolant channel 
conducts pressurized fluid introduced at said 
coolant inlet toward said coolant outlet. 

56. The electrochemical fuel cell of claim 55 
wherein the major surface of said coolant flow 
field plate facing away from said membrane forms a 
cooling fluid flow field plate of an adjacent fuel 
cell. 



further comprising a coolant flow field plate 



57. The electrochemical fuel cell of claim 54 
wherein said sheet comprises graphite. 
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58. A coolant flow field plate for use in 
conjunction with an electrochemical cell, said 
plate comprising: 

a sheet of compressible, electrically 
conductive, substantially fluid impermeable 
material, said sheet having two oppositely 
facing major surfaces, at least one of said 
major surfaces comprising a die-pressed 
surface, said die-pressed surface having at 
least one open-faced sealant channel die- 
pressed therein, said at least one die-pressed 
sealant channel circumscribing the central 
portion of said die-pressed surface and 
accommodating a substantially fluid impermeable 
sealant material therein, whereby said sealant 
material fluidly isolates said central portion 
from the atmosphere surrounding said plate, 
said die-pressed surface further having a 
coolant inlet, a coolant outlet, and at least 
one open-faced coolant channel formed therein, 
whereby said at least one coolant channel 
conducts pressurized fluid introduced at said 
coolant inlet toward said coolant outlet - 

59. The coolant flow field plate of claim 58 
wherein said at least one coolant channel is die- 
pressed in said die-pressed surface. 

60. The coolant flow field plate of claim 58 
wherein said at least one coolant channel is milled 
in said die-pressed surface. 



61. The coolant flow field plate of claim 60 
wherein said at least one coolant channel is die- 
cut in said die-pressed surface . 
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62. The coolant flow field plate of claim 58 
wherein said sheet comprises graphite. 

63 . A separator plate for use in con j unction 
with an electrochemical cell, said plate 
comprising: 

a sheet of compressible, electrically 
5 conductive material, said sheet having two 

oppositely facing major surfaces, at least one 
of said major surfaces comprising a die-pressed 
surface, said die-pressed surface having at 
least one open-faced sealant channel die- 
10 pressed therein, said at least one die-pressed 

sealant channel circumscribing the central 
portion of said die-pressed surface and 
accommodating a substantially fluid impermeable 
sealant material therein, whereby said sealant 
material f luidly isolates said central portion 
from the atmosphere surrounding said plate. 

64. The separator plate of claijn 63 wherein 
said central portion of said die-pressed surface 
has a fluid inlet formed therein and at least one 
open-faced inlet channel formed therein, said at 
least one inlet channel extending from said fluid 
inlet, whereby said at least one inlet channel 
conducts pressurized fluid introduced at said fluid 
inlet. 



15 



65. The separator plate of claim 63 wherein 
said central portion of said die-pressed surface 
has a fluid outlet formed therein, said die-pressed 
surface further having at least one open-faced 
5 outlet channel formed therein, said at least one 

outlet ch ann el extending from said fluid outlet, 
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whereby said at least one outlet chapel conducts 
pressurized fluid to said fluid outlet. 

66- The separator plate of claim 65 wherein 
said inlet channel and said outlet channel are die- 
pressed in said central portion of said die-pressed 
surface . 



67. The separator plate of claim 65 wherein 
said inlet channel and said outlet channel are 
milled in said central portion of said die-pressed 
surface. 



68. The separator plate of claim 67 wherein 
said inlet channel and said outlet channel are die- 
cut in said central portion of said die-pressed 
surface . 



69. The separator plate of claim 65 wherein 
said central portion of said die-pressed surface 
has an inlet opening formed therein, said inlet 
opening extending between the major surfaces of 
said sheet, said inlet opening in fluid 
communication with said fluid inlet. 

70. The separator plate of claim 69 wherein 
said central portion of said die-pressed surface 
has an outlet opening formed therein, said outlet 
opening extending between the major surfaces of 
said sheet, said outlet opening in fluid 
communication with said fluid outlet. 

71. The separator plate of claim 65 wherein 
said at least inlet channel extends into said at 
least one outlet channel to fora at least one 
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continuous channel, whereby pressurized fluid 
5 introduced at said fluid inlet is conducted to said 

fluid outlet along said at least one inlet channel 
and said at least one outlet channel. 



72. The separator plate of claim 71 wherein 
said at least one continuous channel forms a 
serpentine pattern on said central portion of said 
die-pressed surface. 

73. The separator plate of claim 72 wherein 
said at least one inlet channel is discontinuous 
with respect to said at least one outlet channel. 

74. The separator plate of claim 73 wherein 
said at least one outlet channel comprises at least 
two outlet channels, and wherein said at least one 
inlet channel and said at least two outlet channels 

5 are interdigi tated, whereby each adjacent pair of 

outlet channels has an inlet channel disposed 
therebetween along a substantial portion thereof. 

75. The separator plate of claim 73 wherein 
said sheet comprises graphite. 

76. A separator plate for use in conjunction 
with an electrochemical cell, said plate 
comprising: 

a sheet of compressible, electrically 
conductive material, said sheet having two 
oppositely facing major surfaces and at least 
one manifold opening formed therein between 
said major surfaces, at least one of said major 
surfaces comprising a die-pressed surface, said 
die-pressed surface having at 
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least one open-faced sealant channel die- 
pressed therein, said at least one die-pressed 
sealant channel circumscribing said at least 
one manifold opening and accommodating a 
substantially fluid impermeable sealant 
material therein, whereby said sealant material 
f luidly isolates said at least one manifold 
opening from the atmosphere surrounding said 
plate. 

77. A method of fabricating a separator plate 
for use in conjunction with an electrochemical 
cell, said method comprising: 

providing a quantity of compressible, 

electrically conductive material sufficient to 

form a sheet having two oppositely facing major 

surfaces ; 

applying pressure from a die surface to 
said quantity of electrically conductive 
material, said die surface having a reverse 
channel image formed therein; 

whereby an electrically conductive sheet 
is formed having at least one open-faced 
channel in at least one of said major surfaces. 

78. The method of claim 77 further comprising: 
forming a fluid inlet on at least one of 

said major surfaces such that said at least one 
channel extends from said fluid inlet, 

whereby said a least one channel conducts 
pressurized fluid introduced at said fluid 
inlet. 

79. The method of claim 77 wherein said at 
least one channel circumscribes the central oortion 
of said at least one major surface and accommodates 
a substantially fluid impermeable sealant material 
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in said at least one channel, whereby said sealant 
material fluidly isolates said central portion from 
the atmosphere surrounding said plate. 

80. The method of claim 79 further comprising: 

forming a fluid inlet on at least one of 
said major surfaces; 

forming at least one open-faced channel in 
said at least one of said major surfaces, said 
at lest one channel extending from said fluid 
inlet, whereby said at least one channel 
conducts pressurized fluid introduced at said 
fluid inlet. 

81. The method of claim 80 wherein said at 
least one open-faced channel is die-pressed in said 
at least one major surface. 

82. The method of claim 80 wherein said at 
least one open-faced channel is milled in said at 
least one major surface. 

83. The method of claim 82 wherein said at 
least one open-faced channel is die-cut in said at 
lest one major surface. 

84. The method of claim 77 wherein said 
electrically conductive material comprises 
graphite. 

85. The method of claim 84 wherein said 
electrically conductive material comprises graphite 
powder. 



86. The 
electrically 
carbide . 



method of claim 77 wherein said 
conductive material comprises boron 
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87. The method of claim 86 wherein said 
electrically conductive material comprises boron 
carbide powder. 

88. The method of claim 77 wherein said 
electrically conductive material comprises niobium. 

89. The method of claim 88 wherein said 
electrically conductive material comprises niobium 
powder. 

90. The method of claim 77 wherein said 
electrically conductive material comprises 
magnesium. 

91. The method of claim 90 wherein said 
electrically conductive material comprises 
magnesium powder. 

92. The method of claim 91 wherein said 
magnesium powder is plated with a, noble metal taken 
from the group comprising gold and platinur. 

93. The method of claim 77 wherein said 
electrically conductive material comprises copper. 

94. The method of claim 93 wherein said 
electrically conductive material comprises copper 
powder. 



95. The method of claim 94 wherein said copper 
powder is plated with a noble metal taken from the 
group comprising gold and platinum. 
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